I. SUMMARY
Electrical Surge Arrestors (ESA's) have been used extensively for lightning and EMP protection. 1 These components are characterized by (a) presenting an open circuit (high impedance) below the gap breakdown potential, (b) becoming a virtual short-circuit above the gap breakdown and (c) displaying a significantly higher level of apparent gap breakdown for very fast input voltage rise-times (dv/dt). 2 This paper describes a mathematical model for a spark gap surge arrestor which has been used successfully to characterize ESA response to the following stimulus: Table I. Although the model accounts for numerous nonlinear effects, it nevertheless is a very simple conceptual represenstaion of the phenomenon that can be attributed to spark gap ignition and plasma's in general. 4 The next section will show how a particular Electrical Surge Arrestor was characterized and tested to validate the subject model.
III. ESA CHARACTERIZATION
Although several types of ESA's were modeled and characterized (Audio, Power and Antenna ESA's), the lower power device (Joslyn Part No. 27-10425-11) was selected for presentation here since it was also characterized for the effects of a prompt gamma pulse produced by a 2-ME V Flash X-ray. This test was performed to determine if the presence of a prompt gamma pulse would effectively aid ESA firing and hence, tend to lower the effect of high coincident dv/dt inputs (or ESG overshoot) without lowering the ON voltage. This was found to be the case and is believed to be the first published data on this effect. The device was characterized for both the linear and nonlinear components of the model. Figure 3 .
The nonlinear characteristics are considerably more difficult to obtain. 
Sawtooth Oscillator Test
The first test that can be performed is shown in Figure 4 where the ESA is used as the nonlinear element which produces a sawtooth oscillation. Resistor, Rl, must be sufficiently large so that the 'holding current' will not sustain a very low electron leakage and prevent oscillation.
This determines one of the critical parameters, namely, the minimum power to sustain the arc. This may not be the minimum power required to completely describe the interaction of the plasma with the surrounding medium however. The dynamic resistance of the arc can appear quite high even though the capacitor, Cl is a very low impedance source at the switch point and hence, would be expected to discharge rapidly giving rise to a high current pulse through the ESA; this is n6t the case for this or other ESA's. The reason for this apparent high discharge impedance in this sawtooth oscillator configuration is postulated to be due to the relatively high resistance of Rgap and the relatively high impedance of the onset of the Thermionic conduction I gap
Fast Rise Time Test
When the ESA is subject to a high voltage, fast risetime input, two characteristics become apparent. First, the firing potential increases and second, the ON voltage is only somewhat higher than during the sawtooth operation. Figure 6 ). In practice a damped sinewave is frequently used to characterize component and/or subsystem response to EMP. As a result, the ESA and corresponding model were also characterized using various damped sinewave input stimulus. The result of this test and model simulation is illustrated in Figure 7 . Note that the ESA's can open after the initial shorting if the sustaining energy is insufficient to cause the arc to sustain. This is particularly true for lower frequencies (-1 MHz and below) and "soft" EMP sources. *
Ionization from 2 MEV FXR
In a situation where an antenna ESA can be simultaneourly exposed to a high dv/dt pulse and a high Y pulse, there is a distinct possibility that the ESA may, in fact, be triggered by the Y pulse (provided of course, that this occurs virtually simultaneously with the EMP pulse). In view of the difficulty associated with synchronizing two short pulses (-20-30 nsec) each from a different source of high intensity EMI, an indirect but correlatable experiment was performed. The approach which was taken utilizes the sawtooth oscillator circuit (shown in Figure 8 ) as a self-*"Soft"I does not necessarily mean "Soft" to EMP or having a low energy content. contained EMP source and exposes the ESA unit to Y using a 2 MEV FXR. This test configuration is shown in Figure c8 with the attendant curves showing decreasing firing potential vs dose rate. From this experiment, it has been possible to characterize the ESA model with the following simple assumption.
The streamer formation is overridden by a minimum energy contributed by the ionizing pulse. This energy was obtained experimentally on two samples and has not been calculated extensively for large sample size types of ESA's. When this energy is exceeded, the conditions for arc formation are enabled and the results for a combined high dv/dt and sufficiently high Y are shown in Figure 9 for comparison. Of the two samples, one would trigger as low as 106 R/sec (Si) while the other required 3 x 100 R/Sec (Si). The exact cause for this wide dispersion is unknown and certainly is indicated worthy of additional investigation. The most significant observation however, indicated that the Thermionic ON voltage seemed virtually unaffected by Y which is to be expected.
IV. CONCLUSIONS
The ESA model presented in this paper 
